Abstract The objective of this study is to evaluate whether a patient navigation (PN) program is effective in reducing delay in diagnostic resolution among medically underserved patients with colorectal cancer (CRC)-related abnormalities in Tampa Bay, Florida. This study involved ten primary care clinics randomized either to receive navigation or to serve as controls (five clinics per arm). Each clinic identified all subjects with CRCrelated abnormalities in the year prior to the clinic beginning participation in the Moffitt Patient Navigator Research Program. Patients with CRC-related abnormalities were navigated from the time of a colorectal abnormality to diagnostic resolution.
Introduction
Detection and treatment of colorectal cancer (CRC) in its early stage improve long-term survival. The length of the diagnostic interval, from the first symptom to a definitive diagnosis, has been shown to significantly reduce mortality in CRC patients [1] [2] [3] . However, the burden of CRC is consistently heavier for the medically underserved population facing substantial barriers to obtaining cancer care, experiencing more late-stage diagnosis [4, 5] , and having the highest CRC mortality rates [6] .
Patient navigation (PN) is an intervention model that centers on reducing barriers to cancer diagnostic and treatment care [5] . Recent studies have found that PN is a promising strategy to promote better adherence to recommended diagnostic care or more timely receipt of diagnostic care following an abnormal symptom of CRC [7, 8] . However, other studies had methodological limitations that precluded drawing firm conclusions about PN, such as a lack of concurrent control group and randomization including small sample sizes [9] [10] [11] [12] [13] . Recently, some PN programs reported a significant positive PN effect on combined cancer sites including CRC, breast cancer, or cervical cancer on time to resolution and receipt of definitive diagnosis within a follow-up period [14, 15] . We are aware of only one study that showed that PN shortens the time to diagnostic resolution and significantly increases the proportion of patients' adherent through diagnostic resolution of CRC screening abnormalities [16] .
The Moffitt Patient Navigator Research Program (PNRP) was a cluster randomized trial to evaluate the efficacy of PN in improving timeliness of diagnostic resolution of cancer-related abnormalities among a vulnerable, medically underserved population of racial and ethnic minorities and farm workers in Tampa Bay, Florida [5] . We have previously reported that PN did not have a significant effect on median time to diagnostic resolution in multivariable analysis of the overall sample including both breast cancer and CRC types [15] . Further, we also reported that PN did not speed diagnostic resolution during the initial 3 months of follow-up for breast cancer patients but started to reduce time to diagnostic resolution and showed a significant effect after 4.7 months [17] . As clinical care of persons with breast and colorectal abnormalities is different and patients may face different barriers to care, it is important to understand if the effectiveness of PN differs in these two cancer conditions.
The objective of this study is to evaluate the effect of PN on reducing the time to definitive diagnostic resolution for CRCrelated abnormalities among medically underserved populations in Tampa, Florida through the Moffitt PNRP study.
Methods

Moffitt PNRP
Moffitt PNRP was conducted using a cluster randomized design with clinics randomized to either intervention (PN) group or control (usual care) group. Five health care organizations that provide primary care through a total of 12 clinics agreed to participate in the study. Because clinics within each health care organization were relatively homogeneous, randomization was stratified by health care organizations. Seven clinics were randomly assigned as PN, and five clinics served as controls.
Participant Population and Study Sample
The populations served by the primary care clinics in this study were mostly Hispanic, African American, and White, which is similar to the demographic characteristics of the Tampa Bay region [18] . Patients with a CRC-related clinical abnormality (rectal bleeding and abnormal digital rectal examination) or an abnormality detected during screening (e.g., abnormal fecal occult blood test [FOBT] , abnormal screening sigmoidoscopy) that required additional diagnostic imaging or referral to a specialist for further evaluation were eligible to participate in the study. Although newly diagnosed cancer patients were eligible for the Moffitt PNRP, these patients were not the focus of this analysis and were excluded from the sample. Patients were excluded if they were cognitively impaired, were <18 years old, were diagnosed with a previous cancer within the past 5 years (excluding nonmelanoma skin cancer), were currently undergoing cancer treatment, or had previously received PN.
Participant Identification and Recruitment
Participants were enrolled between 11 March 2006 and 15 December 2009. Eligible patients were identified through several methods including referral coordinators, identification/ referral from clinical staff, and computer searches of patients' relevant clinical diagnostic codes. At clinics randomized to navigation, once participants were identified and a written referral was provided by the patient's health care provider, a patient navigator contacted the patient and obtained informed consent for the study during an in-person visit. Patient navigators assessed barriers to care and matched resources where possible to overcome these barriers. Moffitt PNRP employed a lay PN model in which four navigators were selected by investigators based on knowledge of community and experience with the health care system [19] . Patient navigators received annual standardized training through the PNRP [20] , as well as local training, and were supervised by a registered nurse. Participation of control patients was limited to medical chart review for which informed consent was waived by the USF Institutional Review Board (IRB) which approved and oversaw this study. Patients of clinics randomized to the control condition were provided usual medical care which included referral to specialty services for follow-up of the CRC-related abnormality.
Chart abstractions were performed to collect information on the initial CRC-related abnormality, health services received and definitive diagnosis if available, patient sociodemographic characteristics, and other health-related information (e.g., comorbidity, family history of cancer). Charts were abstracted approximately every 6 months until definitive diagnosis could be verified or until the end of the study's follow-up. The last chart reviews were performed in August 2010.
Primary Study Outcome
The outcome for this study was length of time (in months) between the CRC-related abnormality date and the definitive diagnosis or last follow-up date. Definitive diagnosis for CRC was defined as having determined the presence or absence of cancer from endoscopic examination colonoscopy/ sigmoidoscopy (with or without biopsy), additional imaging (barium enema and CT colonography), or other diagnostic tests at the point in which a medical specialist determined no further immediate evaluation was required.
Analytic Sample Sizes
After the Moffitt PNRP began, there were 230 patients with CRC-related abnormalities who received care at clinics allocated either to receive PN (n =104) or to receive usual care (n = 126). Thirty-two patients were found to be ineligible after chart reviews: patients who had cancer-related abnormalities that occurred before the start date of the project, patients who were referred for problems not meeting the eligibility criteria (e.g., upper gastrointestinal bleeding, routine colon polyp surveillance), patients who had no abnormality in their medical record that met the eligibility criteria, and patients who were found to have a disqualifying condition on chart review (e.g., prior cancer). We also excluded patients who had both breast and colorectal abnormalities simultaneously (n =5). Therefore, 193 participants (75 patients from 5 navigated clinics and 118 patients from 5 control clinics) were analyzed for this study.
Statistical Analysis
Demographic and clinical variables at baseline were compared between the navigated and control groups, using the generalized linear mixed-effects models in which the clinic was treated as a random effect to account for the cluster randomized trial of the study design.
Survival analysis approaches were used for the time-toresolution outcome (T1) to assess the PN effect. Participants who had not achieved definitive diagnostic resolution were censored at the time of last medical record abstraction. The median resolution time and resolution rate with their 95 % confidence intervals (CI) were summarized, using the KaplanMeier method. Further, the PN effect on T1 was investigated separately by stratifying two time periods: 0-4 and >4 months after the implementation of PN. All study participants were included in the 0-to 4-month period analysis. Patients who resolved or were lost to follow-up after 4 months were censored at 4 months. For PN effect of >4 months, patients who resolved or were lost to follow-up on or before 4 months were excluded.
Shared frailty Cox proportional hazards models were used to estimate the PN effect. We included the following covariates as potential confounders in the models: race/ethnicity (Hispanic, non-Hispanic), language (English, non-English), insurance (some form of health insurance, uninsured), and marital status (married, not married). The multivariable Cox models included the clinic variable as a normally distributed random effect using a shared frailty to adjust for the study design. We tested the proportional hazard assumption using graphical and numerical methods [21] . Variables that violated the proportional hazard assumption were dealt with by adding an interaction term of the variable with time to the multivariable Cox model. The hazard ratio of the time-varying PN effect at a certain time point was estimated using a linear combination of the main effect of PN and the interaction term between PN and T1 and tested the statistical significance using a Wald test. All tests were twosided and considered as significant at the 0.05 level. SAS software version 9.3 was used for the analyses.
Results
Demographic and Socioeconomic Characteristics
Most patients were eligible because of rectal bleeding (in patients aged 30 years or older with referral to specialist; 68.9 %) or positive FOBT with referral to specialist (23.3 %). Most participants were female (68.9 %), were nonHispanic (56.7 %), were English speakers (59.8 %), had health insurance coverage (64.8 %), had at least a high school education (50.5 %), had household incomes of <$20,000/year (84.7 %), and were not married (59.8 %). The mean age of the participants was 52 years old (standard deviation [SD], 13; range, 24-88 years old). Despite the apparent lack of comparability between navigated and control patients for some variables (e.g., having health insurance of 48 vs. 75 % for PN and controls, respectively), there were no statistically significant differences between the two groups at the 5 % significance level after adjusting for the intra-cluster correlation within the same clinics (Table 1) .
Reported Barriers
Navigated patients reported, on average, 4.6 (range, 0-13) barriers to needed care. The most common barriers identified were insurance-related issue (60 %), fear about any aspect of medical care or their health (47 %), financial problems (44 %), and language barriers (41 %). Navigation was performed with in-person visits or by phone as necessary. Navigators averaged 12 total encounters (including family members of the patient), with an average of 11 encounters directly with the patient.
Characteristics of the Time to Diagnostic Resolution of the CRC Abnormality
Fifty-two PN patients (69 %) and 79 controls (67 %) reached a definitive diagnosis with the median follow-up time of 10 months (range, 14 days-59.6 months) and 6 months (range, 1 day-37 months), respectively. The test required to reach diagnostic resolution was almost always colonoscopy, either with biopsy (29 %) or without biopsy (59.5 %). Although the median time between the CRC abnormality and diagnostic resolution was longer for the PN group (4.4 months; 95 % CI=3.4-6.5 months) compared to the control group (3.1 months; 95 % CI=2.4-6.4 months), this difference was not statistically significant. Figure 1a shows the cumulative diagnostic resolution rate over time by the PN group, and the two curves crossed around 4 months. Prior to 4 months, the control group appeared to have quicker diagnostic resolution than the PN group, but beyond 4 months, those receiving PN seemed more likely to achieve diagnostic resolution in less time (Fig. 1b, c) . An initial multivariable Cox model showed that the PN effect on the resolution rate varied with time, while the other four covariates satisfied the proportional hazard assumption at the 5 % significance level. The departure from nonproportionality of the PN effect was addressed by including an interaction term between the PN and time in the final models. Table 2 shows the results from two multivariable models with shared frailty. Model 1 included the main PN effect and its interaction term with time as well as the four covariates. Model 2 is a nested version of model 1, determined by excluding nonsignificant covariates (Hispanic ethnicity, language, and marital status). Both models included a significant interaction term between PN and time measured in months (p =0.01 for model 1 and p =0.03 for model 2) to account for the time-varying PN effect.
The main effect at month 0 showed no effect on diagnostic resolution comparing PN to the controls (adjusted hazard ratio Figure 2 shows that the aHR of PN was <1, showing no positive effect (aHR>1.0) on the hazard of diagnostic resolution up to 4 months of patient follow-up. The PN effect was not statistically significant until 12 months after the CRC abnormality was detected (Fig. 2) .
Discussion
This study examined whether PN was effective in reducing the time from identification of a CRC-related abnormality until diagnostic resolution of that abnormality. For patients having an abnormal symptom of CRC, PN appeared to have a positive effect over time. The PN effect varied with time, and after approximately 4 months, there was an increasing trend for navigation to increase timely diagnostic resolution of CRC. The effect of PN, however, was not statistically significant until 12 months of follow-up.
Previous research on PN has largely targeted breast cancer. Studies that have addressed colon cancer have primarily focused on the role of PN in CRC screening [22] . Several studies have demonstrated that navigation type services, such as telephone care management and multifaceted intervention, can increase the likelihood that patients undergo CRC screening with either colonoscopy or FOBT [5, 8, 23, 24] . Additional studies, many of which are observational, suggest that PN can increase the likelihood that patients comply with colonoscopy once referred [1, 4, 9, 15, 16] .
The goal of PN in the Tampa PNRP, however, may have been more difficult to achieve. In contrast to promoting CRC screening with either FOBT or colonoscopy, virtually all patients in the Tampa PNRP required diagnostic colonoscopy to evaluate clinical/screening abnormalities. Colonoscopy is clearly a more difficult test for patients to complete than FOBT as it is more invasive and costs more if a patient is uninsured or underinsured. In addition, colonoscopy resources were not readily available for uninsured patients in the Tampa PNRP, presenting a much more daunting navigation task compared to navigating patients having access to screening colonoscopy. Finally, because navigated patients required a referral from their primary care physician, it is possible that patients specifically referred to PN had greater barriers to care and fewer personal resources than the overall eligible population [15] .
Overall, PN in the Tampa PNRP appeared to have a positive effect on reducing the definitive resolution time, although it did not emerge until after 4 months of follow-up and did not reach statistical significance until 12 months. Other navigation trials have similarly reported that navigation had no effect early, but that effects began to emerge later in follow-up [14, 17, 25, 26] . It is possible that navigation primarily benefits those persons at greatest risk of delayed diagnosis. Persons who do not reach diagnosis after considerable follow-up may have greater barriers to care and receive more benefit from navigation. However, we should note that the clinical significance of faster resolution rates after 12 months is unknown from this study. This study had a number of limitations that should be considered when interpreting our findings. Our sample of patients with CRC abnormalities is a subset of a larger trial [15] . As a result, the sample was relatively small and had limited power to detect modest effect sizes. We estimate, for example, that a sample of 193 observations achieves only 8 % power at a 0.05 significance level to detect an aHR of 2.0. This study was conducted in community clinics serving medically underserved persons, and the results may differ among other populations and in other settings. Finally, the IRB required that patients receiving PN be referred from their providers and provide written informed consent which may have contributed to a lack of comparability between intervention and control populations.
In conclusion, PN appears to improve the timeliness of diagnostic resolution primarily among patients having delayed diagnosis of CRC-related abnormalities. Further research is needed to understand the effects of PN in patients with CRC-related abnormalities and to better understand which patients are most likely to benefit. Although preliminary studies suggest that PN may be cost-effective [27, 28] , further research is also needed to understand how PN can be financed and integrated into our health care system.
